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“If you don’t have a
generous view
of cities, then...
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you don’t have a
generous view
of people”
																
-

															
						

Jaime Lemer

Mayor of Curitiba, Brazil
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the proposal
Emergency structures are expensive. They don’t reach disaster sites in an adequate time-frame - for most disasters come without a warning. What if there was a way to send a ‘how-to’ system that could work for certain climates? What if we could invent a sort of framework that utilizes natural resources native to the land to build these
structures? Could there be a social benefit with the empowerment and reinvigoration of the ‘self-help’ aspect of
bouncing back from a disaster? Will we find an economic benefit by designing with local and abundant materials?
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EMERGENCY HOMES //
IS DESIGN A NECESSITY OR A LUXURY?

“We need real care, not awareness.”
Claim: Of the things we as human beings have a ‘right’ to--air, water, food-- shelter seems to
be the last component that is compromised, in the history of disaster relief. In fact at least
three million Western Europeans are homeless each winter, 700,000 people on any given
night are without shelter, while another 600 million urban dwellers and 1 billion people
in rural areas live in overcrowded and poor-quality housing--slums, railway platforms, old
buses, (McGranahan). These statistics are vacuous from immediate disasters, like the most
recent Caribbean disaster: Hurricane that displaced hundreds of thousands of people.
“Designers cannot just stand by and watch as the refugee crisis unfolds”, and although architects and designers can’t save the world, through design, we can alleviate consequences
of scarcity. It’s not about creating a structure that will withstand the ends of time or endure
the most extreme climate, it’s about how to respond in an emergency with the most geographically intelligent prototype that utilizes the utmost importance of on site materials so
the bare minimum of an instruction manual or few key tools to offset distribution obstacles. This thesis is aimed to design for the 99 in disaster relief.

Right: A local woman building a shelter with an emergency housing kit piloted in South and North Darfur states in 2014 .
10
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CASE STUDIES //
		
EMERGENCY RESPONSE STRUCTURES

Paper Log Houses // Turkey
Shigeru Ban // ArchDaily

Hualin Temporary Elementary School //
Chengdu, China, 2008
Shigeru Ban // ArchDaily

Paper Log Houses // Kobe, Japan, 1995

Sandbags as foundation, thick paper tubes as walls,
waterproof sponge tabe as insulation in between
paper tubes. Each 52 sq. m. unit is <$2,000.
Shigeru Ban // ArchDaily
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Paper Emergency Shelters for UNHCR //
Byumba Refugee Camp, Rwanda, 1999

Low-cost alternative to trees being cut down from the
critical deforestation. Prototype shelters were durable,
cost-efficient, easily assembled, and kept termites out.
Shigeru Ban // ArchDaily

New Gourna Village // Gaza City, Israel, 2010
Prototype Low Cost House
// Galadimawa, FCT, Nigeria 2014
Rammed Earth construction technique.

Cement and building materials are not available in the
city because of political and military control, so as a
solution, mud bricks create low-cost, sturdy homes.
UNRWA // IRIN News

Isona Shibata

New Gourna Village
// Luxor (ancient Thebes), Egypt, 1945

Use of clay and local materials created dynamic community “empowering the poor through participation
in design and building processes.

Adobe Brick Construction
// Milyanfan, Kyrgyzstan 2007

Rammed Earth construction technique.
Vladimir Menkov

Hasan Fathy // World Monuments Fund
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the strategies
This thesis aims to find a medium between a framework that allows for a quick dispatch of a structure that
can emulate these programs and a comprehensible system that can be accomplished by the average citizen
without an architecture background. This will be achieved through the usage of local materials to offset construction material cost and weight distribution, as well as empowering locals to build a creation of their own.
With the juxtaposition of enduring destruction, I propose a methodology of rebuilding and rehabilitation.
15

AIMS //
AN IDEAL HOUSEHOLD

Living spaces that I find
successful have areas
dedicated enhance a
certain quality of living.
			
These spaces can include some or all of
these programs.

learn

16

sleep

eat

cook

meet

play/make

share
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EX+IMPLOSION //
COMPONENTS OF RELIEF STRUCTURES
EFFICIENT
TRANSPORT

AUTOMOBILE
CLINICS

To the left, we analyze the idea of relief
structures explode outwards in terms
of relatable components subject to exploration, as well as implode inwards to
identify certain interconnections that
could point to new discoveries of the
detailed framework of relief structures
and emergency housing.
The topic of relief structures is broken
down into four main components: housing, resources, labor, and a community.
Those sectors are further broken down.
For example, housing is denominated
down to emergency housing, transitional housing, permanent housing,
and homeless housing.
By imploding sectors back into the mind
map, we can see the inner connections
that start to manifest across multiple
disciplines.

QUICK
DISPATCH

POP-UP
CLINICS

MOBILITY

DISASTER
RELIEF

TRANS

DENSE
POPULATION

EMERGENCY
CENTRAL
CITY

HIGH
TECH

TOWN
GARDEN
CITY
TOWNCOUNTRY

LOW OR
HIGH TECH

CONCORD

COUNTRY
NEGATIVE
SPACE

LOW
TECH

SOLAR
LITTLE TO
NO INFRASTRUCTURE

RURAL
HYDRO
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SUBURBIA
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IDEAS ON //
INFRASTRUCTURE

systematically employ orientiation efficiencies to accomodate
directions of the elements (sun, wind, rain, snow)
question // how can we create easily navigated
homes that still are spaced far enough for privacy,
but close enough to avoid urban sprawl?
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IDEAS ON //
CIRCULATION

common areas work as social space and meeting space,
overlapped as circulation
question // how can we redefine the courtyard
space that helps to support the
notion of community?
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IDEAS ON //
FLEXIBILE ORIENTATION

implement variety to create complex spaces with different
applications of simple forms in repitition
question // how can we create variety with
repetition, for the sake of low-cost,
low-waste pre-fab?
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IDEAS ON //
AGGREGATION

challenge the reference point of a ground plane to enrich the
possibility for spatial reorganization and increase of light and air
question // how can we reinvent the organization of homes?
Can we benefit from an alternate way of horizontal
or vertical aggregation?
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IDEAS ON //
GREENERY

incorporate greenery devoid of pure aesthetics, but
function as well. aquaponics, gardens, and greenhouses
will ensure a year-round harvest
question // how can we sustainably consume and produce
food in a way that supplements the community
with social team-building?
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AIMS AND OBJECTIVES //
		
		
THESIS METHODOLOGY

(EFFICIENT DISTRIBUTION + SIMPLE ASSEMBLY)
x
(SPECIALIZED MATERIALS + LOCAL MATERIALS + TOOLS)
x
(LABOR)
______________________________________________
= READILY AVAILABLE SHELTER

30

compact
design

quick
dispatch

low cost

OBJECTIVES

local
materials

local assembly
by residents
comprehensible
framework

31

32

the history
A deeper look into the systems that revolve around relief structures over the past century. Events will be categorized
into social, political, and natural disasters, while the different methods of emergency response across the world will
be analyzed.
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TIMELINE //
HUMANITARIAN DESIGN OVER THE LAST CENTURY

19
00

1906

19
10

Triangle Shirtwaist Company Fire
// New York, NY, USA
Fire in garment factory killed 146 workers,
the majority women. Public outcry led to
implementation of fire safety codes.

1911
1914

Kate Stohr

1917
1918

34

World War I

time duration

politics

social

disaster

The Great Earthquake // San Francisco, California, USA
Considered the biggest natural disaster in American
History. San Francisco implemented safer building codes
and designed a more reliable water-supply system.
Imediate implementation of post disaster shelter efforts.
Kenneth Maxwell

Demountable Wooden House // France
American Friends Service Committee
Built by volunteers to house World War I
refugees. Wach “demountable” wooden
house had two rooms.
American Friends Service Committee

emergency structures

innovations

prototype design

housing prefab
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TIMELINE //
HUMANITARIAN DESIGN OVER THE LAST CENTURY

19
020

Kanto Earthquake and Fire // Tokyo and Yokohama, Japan
200,000 dead, 370,000 buildings destroyed. Frank Lloyd Wright’s
“earthquake-proof” Imperial Hotel (1916-22) is one of the few
structures left standing.
Cameron Sinclair

1923
1926
1927

19
30

Mississippi River Flood// Lower Mississippi Region, USA
The lower Mississippi River flooded and inundated 27,000 square
miles, shattering levee systems from Illinois to the Gulf of Mexico.
Kate Stohr

Slab apartment blocks on the Wannsee shore
// Berlin, Germany
Gropius, along with Marcel Breuer, is credited with
designing the first slab apartment block. This prototype
of a building type became the model for many future
affordable-housing projects.

1931
1932
1934

Walter Gropius

National Housing Act of 1934
USA

1937
1938
1939
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Housing Act of 1937
USA

time duration

politics

social

disaster

“The balance of society
comes down to a question of
building. We conclude with
these justifiable alternatives:
Architecture or Revolution.
Revolution can be
avoided.”
Le Corbusier, Vers une Architecture, 1923

“Architecture is a process of giving
form and pattern to the social life
of the community. Building
is a collective action.”
Hannes Meyer, director of Bauhaus, 1928-1930

Durham Portable House // USA
Mimicked the style of a conventional home, as a mobile
house. It transported in two parts and assembled on site.
M.R. Doberham and John W. Davis

emergency structures

innovations

prototype design

housing prefab
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TIMELINE //
HUMANITARIAN DESIGN OVER THE LAST CENTURY

19
040

1941
Transportable Primitive Shelter
// Helsinski, Finland
Movable temporary shelters are
designed to house war refugees.

1945

Aalvar Aalto

1947

19
50

World War II
Milions are displaced.
Emergency housing is
still being constructed
after D-Day.

1949
Geodesic Dome
// Asheville, North Carolina, USA
R. Buckminster Fuller invents the
first iteration of the geodesic dome.
Buckminster Fuller Institute

1952

Marshall Plan // Europe
The United States commits $12 billion to the reconstruction of Europe.
1958

38

time duration

politics

social

disaster

Dymaxion Deployment Unit // US military bases overseas
Butler Manufacturing’s units provided emergency accomodation
for troops during various locations during World War II.

R. Buckminster Fuller; Buckminster Fuller Institute

Houses for Britain // USA
US Federal Public Housing
Authority ships 30,000 prefab
temporary emergency family
dwellings to Britain under lendlease. Plumbing and fixtures
were shipped with structures.
Library of Congress

Storm Floods // North Sea, northern Europe
100-mph winds cause large waves to crash into coastal Britain, Holland,
and Belgium. At least 1,800 people die from flooding. This disaster
prompted the creation of the national Storm Tide Forecasting Service,
and the Thames Barrier - the world’s largest movable flood barrier.
Kate Stohr

emergency structures

innovations

prototype design

housing prefab
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TIMELINE //
HUMANITARIAN DESIGN OVER THE LAST CENTURY

19
060

The Death and Life of Great American Cities
Jacobs critiques planning policy in the ‘50s, causing the decline of
the successful organic neighborhoods and what made cities “great.”
Jane Jacobs

1961

Architecture Without Architects
The exhibition/publication celebrate
the beauty of vernacular architecture,
which led to a renewed appreciation
for traditional arts.

1964

Bernard Rudofsky

19
70

Polyurethane Igloo // Masaya, Nicaragua
Experimental dome structures provide emergency
housing after three consecutive earthquakes. Over
20,000 people died, with a quarter million homeless.
Each dome was 907 sq. ft. with two bed/two bath.

1972

Oxfam

1976

40

United Nations Conference on
Human Settlements (Habitat)
// Vancouver, Canada
UN-HABITAT is formed in pursuit of a more sustainable
urban future with social and community work, through
the medium of architecture.
time duration

politics

social

disaster

R. Buckminster Fuller’s developing invention
of geodesic domes and other forward-looking
ideas is showcased on the cover of Time.
Time Inc.

Earthquake // Guatemala
Earthquake kills and injures 100,000 people.
Housing “pictographs” designed by Fred Cuny
to educate Guatemalans in safer building techniques. Attested that graphic design and distribution of information was crucial for future
prevention.
Fred Cuny; Oxfam; World Neighbors

emergency structures

innovations

prototype design

housing prefab
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TIMELINE //
HUMANITARIAN DESIGN OVER THE LAST CENTURY

19
080

Famine // Ethiopia
Drought and political disaster lead to food shortages.
Around 1 million people died from the famine. Primarily
spans from 1984-1985.
1984
1985

Aranya Community Housing // Indore, India
Balkrishna Doshi designed a master plan and model
homes for an innovative mixed-income, self-help
development. Homes, which include balconies and
look onto shared courtyards are grouped in clusters
of ten along a central axis. Septic tanks provided for
groups of 20 homes, with electricity and water
throughout the community of 60,000.

1987

19
90

1989

Balkrishna Doshi // Vastu Shilpa Foundation

Rural Studio // Newburm, Alabama, USA
Samuel Mockbee founded the Rural Studio at Auburn
University. The studio is known for community work
and for their strong “ethos of recycling, reusing and
remaking” through the “the benefit of good design.”

1993
1994

Auburn University

“Everybody wants the same thing,
rich or poor...not only a warm, dry
room, but a shelter for the soul.”
Samuel Mockbee, architect

time duration
42

politics

social

disaster

Nemausus I & II //
Nimes, France
Nouvel designs 114 units of subsidized low-cost housing that
demonstrates an industrial
aesthetic - completed in 1994.
Ateliers Jean Nouvel

Mississippi River Flood // Midwestern United States
American Red Cross spends $44 million to help families recover. FEMA
creates initiative to buy or relocate properties to prevent future flood losses.
American Red Cross

Rwandan Genocide
// Burundi, Rwanda, Tanzania
Interahamwe Hutu extremists kill 500-800,000
Rwandans in around three months. Two million
refugees flee country, with 80,000 people dying
from disease outbreak in refugee camps.
EndGenocide

emergency structures

innovations

“The main difference between success
and failure is the degree to which poor
people themselves are involved in
determining the quality and quantity
of the services they receive.”
World Development Report, World Bank, 2004

prototype design

housing prefab
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TIMELINE //
HUMANITARIAN DESIGN OVER THE LAST CENTURY

20
000

Earthquake Reconstruction // Ludiya, Gujurat, India
Balkrishna Doshi’s foundation approached the reconstruction using his project in the Aranya Community
Housing as a precedent.

2001

2005

Vastu-Shipla Foundation

Operation Restore Order // Zimbabwe
President Mugabe orders illegal structures to be torn down throughout
the country. About 600,000 people are homeless after the slum-teardown.
UN-HABITAT condemns slum-clearance program as unjustified.
UN-HABITAT

20
10

Hurricane Matthew // Caribbean Islands
Over 1.4 million people are displaced, with rising concern about
cholera and outbreak of contamination. Over 300,000 people
are in temporary shelters, with Haiti suffering the most, still
recovering from the 2010 earthquake.

2016

CNN

44

time duration

politics

social

disaster

Hurricane Katrina // Louisiana,
Mississippi, Alabama, USA
The storm and flooding of New
Orleans killed about 1,325 people,
more than a million people are
displaced from the area. Emergency
officials bring in 50,000 mobile homes,
but it’s still not enough for demand.

History // A+E Networks

Earthquake // Italy
Renzo Piano called for national
action plan for recovery after the
destruction of many historical
buildings, killing 300, while
displacing 3,000 people. Wooden
“chalet-style” huts were used.
ArchDaily

emergency structures

innovations

prototype design

housing prefab
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the site
The recent calamity of Hurricane Matthew in 2016 has devastated much of the Caribbean Islands. One of which has
been chosen as the site of this Thesis’ intervention. Guadeloupe of French Territory will prove to be a very interesting,
yet common terrain and climate for many innovative frameworks to come.
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“You will not help anybody by
your good intentions.”
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Ivan Illich

To Hell with Good Intentions

It is only
by truly
understanding
the ‘helped’
can you even
begin to create
a positive difference.
49

CLIMATE: Subtropical with trade winds
(frequent rain); moderately high
humidity; many mosquitoes.
NATURAL RESOURCES: Cultivable land,
beaches that foster tourism.
AGRICULTURE PRODUCTS: Bananas,
sugarcane, tropical fruits and
vegetables; cattle, pigs, goats.
INDUSTRIES: Construction, cement,
rum, sugar, tourism.

SITE //
GUADELOUPE
[ FRENCH TERRITORY ]

AREA: 1,630 km² (629 sq mi)
TERRAIN: Basse-Terre is volcanic in origin with
interior mountains (west side)
Grande-Terre is low limestone formation;
most of the seven other islands are volcanic
in origin (east side)
POPULATION: 403,000 (2014)
ETHNIC GROUPS: black or mulatto 90%,
white 5%, East Indian, Lebanese,
Chinese less than 5%
50
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Mount Soufriere on Basse-Terre //
This is an active volcano on the west side of Guadeloupe on Basse-Terre. Although the last eruption was in the mid 1970s, there is still risk for residents on
the island, should another eruption occur. It is around a mile high and is surrounded by a generous collection of lush rainforests, giant waterfalls, diverse
species of wildlife, as well as vast fields and plantations of cane and rum. The
volcano was created over a large base of volcanic rocks of the Pliocene variety.
54
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SAINTE ANNE //
		
DISASTER TYPE AND EVACUATION
The
following
arehow
site natural
maps ofdisaster
how natural
affects a certain
Below
are site pages
maps of
affectsdisaster
a certain
area
Guadeloupe.
Here
is a study on
Sainte-Anne,
a prominent
tourist
area.ofHere
is a study on
Sainte-Anne,
a prominent
tourist
area
area
also
inhabited
by
many
locals.
This
area
is
exposed
to
frequent
potential
also inhabited by many local residents that is exposed to
damage
the year.throughout the year.
frequentthroughout
potential damage

Sainte-Anne:
Area: 31 sq mi
Population: 25,100
Density: ~ 810/sq mi
# of People Flooded in
Sainte-Anne: 22,859
Basse-Terre - 11,472
Bouillante - 7,540
Capesterre - 19,821
Gourbeyre - 8,571
Grand-Bourg - 5,867
Grande Anse - 1,716
Le Gosier - 28,698
Petit-Bourg - 24,994
Saint-Francois - 12,732
Sainte-Rose - 20,192
Terre-de-Bas - 1,314
Trois-Rivieres - 8,812

# of People Flooded in
Guadeloupe: 174,588
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dry season

(december to may)

wet season

(june to november)

average
rainfall / yr

79 in

(2007 mm)

37 in

(939 mm)
= 5 inches

guadeloupe

population age
distribution

35%
22%

syracuse

evacuation %
in a hurricane

14%

35%
65%

29%

<19

40-64

people who evacuated

20-39

>65

people who didn’t evacuate

City Center (Pointe-à-Pitre)
Medium Port
Small Port
Sugar Cane Distillers/Factories
Sugar Cane Crops
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SAINTE ANNE //
		
DISASTER TYPE AND EVACUATION

Area accessibility/dispatch: <30 min

Area accessibility/dispatch: <60 min

Direct Path from City Center
Secondary Roads
Main Roads

60

School
Community Center
Stadium

430 ft
280 ft
160 ft
60 ft
0 ft

15

mi

40

mi

70
10

mi

n

n

n

0m

in
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SAINTE ANNE //
		
DISASTER TYPE AND EVACUATION

2 mi

CYCLONES
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FLOOD
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SAINTE ANNE //
		
DISASTER TYPE AND EVACUATION

2 mi

SOIL LIQUEFACTION
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LANDSLIDES
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SAINTE ANNE //
		
DISASTER TYPE AND EVACUATION

DANGEROUS FAULT ZONES

66

COMPOSITE MAP OF AFFECTED AREAS

67

68

69
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Plage des Raisins Clairs //
The local greenery around and along the beach was preserved
and supplemented with architectural enhancements. Instead
of clearing the site of the native trees, their structural stability
was utilized as a column for small shacks that acted as a place
of exchange for food and goods, or simply as a rain shelter.
71
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LOCAL VERNACULAR //
				
IDENTIFICATION
1 // High pitched roofs
+ cooler and more comfortable space
(heat rises, cool air sinks)

4 // Little to no ornamentation
+ functionalist architecture
+ single story

2 // Air flow
+ humid climates requires ample air flow
and cross ventilation (screens and lattices)

5 // Lifted house
+ houses nearby water are usually
lifted for flood precautions

3 // Shaded porch
+ house is recessed under shade in a
cooler environment

1.

2.

3.

74

5.
4.
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RESOURCES //
READILY AVAILABLE LOCAL MATERIALS

SUGAR
CANE

Growth of the cane - best in humid, temperate climates, with
pleny of access to sunshine. Sugar cane takes about 12 months
to reach maturity.
Harvest takes place between June and December when rainfall
is less frequent and the plant's sugar content is at its highest.

RUBBER
TREES

78

Rubber Trees require a tropical or subtropical climate with
a minimum of about 1,200 mm per year of rainfall, and no frost.
Trees are tapped for latex (rubber tapping), but usually decline in
production quality after 30 years. After cutting down the trees,
the timber can be used for construction or furniture making.

HARDWOOD
TREES

Trees with broad, flat leaves as opposed to coniferous or needled
trees. Wood hardness varies among the hardwood species, and
some are actually softer than some softwoods.
For example, chestnut and mahogany are prominent species.

MANCHINEEL
TREES

The manchineel tree can be found on coastal beaches and in
brackish swamps where it grows among mangroves. It provides
excellent natural windbreaks and its roots stabilize the sand, thus
helping to prevent beach erosion. The fruit this tree bears is
poisonous.

79

RESOURCES //
READILY AVAILABLE LOCAL MATERIALS

KAPOK
TREES

PALM
TREES

80

Some varieties of the ceiba tree are characterized by spines or
conical thorns. The trunk can expand to nine or 10 feet in diameter.
Its wood is lightweight and porous; good for making carvings,
coffins and dugout canoes. The silky fibers that disperse the seeds
are too small for weaving but make great stuffing for bedding and
life preservers. Soaps can be made from the oils in the seeds. Other
parts of the giant tree are used as medicines.

Palm tree varieties have many benefits in terms of weaving
capabilities. They are abundant on the island, and many tropical
climates around the world as well. Palm trees specifically have
very strong leaves as demonstrated by the way the leaves fold,
mimicking a fan.

FERNS

Ferns in the Caribbean are virtually found in any habitat flowering
plants are found. They are flexible plants that generally do not
require a strict feed of water or sunlight.
Fern leaves are typically compound and bear sporangia in clusters
termed sori, which come in all shapes, sizes and locations. They
may appear as dots, dashes or lines on the leaf blade.

SAND/
EARTH

Guadeloupe is large island with several outerlying islands with
an overall land area of 1,630 km² (629 sq mi). The length of the
coast is around 581 km (361 mi) - which boasts a general beach
terrain around its perimeter with opportunities to gather sand.
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Sugarcane //
As Guadeloupe’s second most important export, sugarcane grows
in abundance, accounting for around 20-30% of exports. Its many
qualities that can be used for shelters is magnified in the multiple
stages of processing from cane to sugar granules.
In it’s regular form, it can be used as a structural member. Bundled
together and it can act as a shear wall. As a pulverized pulp, it can be
dried and utilized as a form of insulation. This major local resource
will play a large part in the design of these emergency structures.
82
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SUGARCANE //
		
PROCESSING

3:1

3/4”-2” IN DIAMETER
6’-7”-19’-8” TALL
ABOUT 3LBS PER STALK

85% 11%

3 TONS OF SUGAR CANE
=
1 TON OF BAGASSE

JUICE

SUGAR

CO2

CAN REDUCE CO2 IN
ATMOSPHERE
CRUSHED

DRIED

PELLETIZED
COOLED
PACKED

<

LESS SPACE =
EFFICIENT STORAGE +
SHIPPING

BAGASSE
IS THE PULP OF
SUGAR CANE

200oF
CAN HANDLE HIGH HEAT

84

100%
RENEWABLE

3
PAPER

HARVESTS/YEAR

BIOPLASTICS
PRESSED
BAGASSE
BOARD

BAGASSE IS PELLETIZED

WATER RESISTANT

$
FUEL, HEAT RESOURCE,
ANIMAL FEED, BEDDING
85
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the framework
The recent calamity of Hurricane Matthew in 2016 has devastated much of the Caribbean Islands. One of which has
been chosen as the site of this Thesis’ intervention. Guadeloupe of French Territory will prove to be a very interesting,
yet common terrain and climate for many innovative frameworks to come.
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FRAMEWORK //
		
SUBTRACTIVE METHODS
formwork mold
sturdy structure
local materials
few tools required
better sealed structure
can mix small amts
of concrete

alternative:
inflatable dome/mold

88

dirt, mud, or earth
formed as a ‘mold’

‘concrete’ mixed
with sand/silt/clay
poured over formwork

=

cement dries and sets,
takes shape of formwork

dirt is removed/
dug out

shell/dome shelter
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FRAMEWORK //
		
SUBTRACTIVE METHODS
joint // connector
stick structure
flexible configurations
curved shapes
bundled sticks
bamboo

barrier // infill wall
privacy
warmth
insulation
sturdy
little to no tools
local materials
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mold // build
modular unit
expansion
custom structures
requires slurry or ‘rebar’
few tools required
local materials
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FRAMEWORK //
			
UPCYCLE PROPOSAL

Did you know...
Guadeloupe can generate around 274,000 tons of waste per year with only about
18% (or 49,320 tons) making up plastic bottle/PET recycling. It costs the island around
170€ to recycle 1 ton of plastic through their “bring-site” system which represents the
payouts to people turning plastic in, as well as the additional 200km distance travelled
to a warehouse for sortment.
But what if instead of people redeeming money for recyling, the government employs
residents to fill bring-sites as reserves for relief housing material to help the 26.2% unemployment rate? The money the government would save from distributing to every
affected area during every hurricane to build these shelters would be far more costly
than the recycle and deposit system, not to mention the increased disaster response
time - a lose-lose. During the dry seasons people can make money, during the wet
seasons, the strategically placed bring-sites act as suppliers for residents in need of
building material. This creates a small ecosystem of supply - a win-win.

1

unemployment rate:

26.2%

of population
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Currently...
403,000
people
+
274,000
tons of waste/yr

1.4

=

tons/
person/
yr*
*including commercial waste

1.4

tons of
trash/
person/yr*

18%

2
�

���

�n
�n�

bring-site

49,320 tons
of plastic

payout + shipment
to recycling center

3

6 mo

hurricane
season

170
/ton

200 km
4

+

200 km
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FRAMEWORK //
			
UPCYCLE PROPOSAL
1

But what if...

1.4

403,000
people
+
274,000
tons of waste/yr

=

tons/
person/
yr*
*including commercial waste

18%
2

��

�
�n�
�n�

bring-site

49,320 tons
of plastic
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6 mo

3

hurricane
season

+

4

e�
na� �
�
�
��� nd���
r�� �����
���

bring-site as

building
materials
supplier

community

+

empowerment
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FRAMEWORK //
		
UPCYCLE MODEL
reuse // recycle
natural resources
local materials
stick structure
tension structures
repurposing
little to no tools

Plastic “string” from water bottles reduce
waste as well as utilize a common material
that is cheap and easy to attain. One device
using washers, a blade, and nuts will be able
to cut as many bottles into string as needed.

+

=

triangular concept
Tansegrity pods can serve as interesting small-scale shelters because
they require simple parts and are
easy to assemble and recycle at the
end of use.
The tension model allows for the
heaviness of sugarcane to leverage
itself into a sturdy temporary structure.

cluster in plan

VARIATION 1
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plan view
Simple triangular form
that can be duplicated
and easily prototyped.

step 1
Assemble sugar cane in
a triangular formation.
Create ties using the
plastic bottle string.

VARIATION 2

step 2

step 3

Use heat gun to shrink
bottlearound the sugar
cane intersection. This
will form a secure wrap
around the sugar cane.

Attach the top part of the
bottle to the top of the
sugar cane as a main joint.
Place plastic wrap/tarp on
bottle and screw cap on top.

VARIATION 3
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FRAMEWORK //
		
JOINERY METHODS
buddhist architecture // techniques
lattice/joint/notch work
‘duogong’ technique
sturdy/reliable
non-adhesive
little to no hardware
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non-adhesive methods
knotting
notching
strong/reliable
flexible configurations
little to no hardware
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FRAMEWORK //
			
SUGARCANE JOINERY

4.
3.

2.

1.

tarp
weave
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1.

2.

3.

4.
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FRAMEWORK //
			
CLADDING STUDIES
weaving techniques
palm leaves
bundles/binding
sticks, sugar cane
little to no tools
stick frame
flexible design
notching/knotting

base as water barrels
elevated
recycle
flotation
102
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FRAMEWORK //
		
CLADDING STUDIES
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the scenario
By staging a typical scenario, we can start to observe just how this prototype design can be implemented into the
site. The scenario aims to deal with real time implications of a natural disaster and how local residents deal with the
situation in the beginning, duration, and aftermath.

107

SCENARIO //
		
ADDRESSING THE PROBLEM

PROBLEM
Older housing types in Guadeloupe cannot withstand
hurricanes - with Hurricane Matthew being the latest
disaster. These disasters leave hundreds to thousands
of people without safe, sturdy homes and leaves
residents feeling debted.

CLIENT
This project will be in partnership with the local government,
allowing the most informed entity of the area to dispatch
these designs to affected areas. The government will also aid
in linking sugar cane manufacturers to provide supplies and
local transport to residents in exchange for tax breaks.
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INSPIRATION
Shigeru Ban designed a low-tech method of
building refugee shelters. Originally sending
aluminum tubes to the site as the main structural member, the locals saw profit by selling
the aluminum and cutting down trees in the
area, furthering the deforestation at the site.
To combat this, Shigeru Ban proposed paper
tubes: inexpensive, readily available, sturdy,
and easy for the local residents to build with,
giving the community a sense of empowerment and involvement.
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SCENARIO //
		
EXAMPLE TIMELINE
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STAGE 1 - HURRICANE

HEAVY RAINFALL

STAGE 2 - CRISIS

Hurricane season (typically June
1- November 30) brings about
frequent hurricanes that enables
flooding and creates dangerous
obstacles on roads.

Heavy rainfall, or consistent
and persistent rainfall over
several days brings water
levels up and loosens soil
dramatically.

Water levels rise and homes
and buildings are evacuated.
Residents look for higher
ground for immediate relief
from the resulting flooding.

SHELTER COMPLETION

STRUCTURE UPCYCLE

Materials should all be available
and ready to be built with. Most
shelters should be built by this
day. Each structure shouldn’t take
more than a half day to build from collection of materials to
the built form.

The structure should still be stable, however, the roofing and
potentially the siding may need patchwork given the organic
material make-up. Tarp will last for another half year at least.
The joints will last indefinitely since the plastic from the bottle
caps protect the connections.

REMEDIATION

SHELTER DISPATCH

Roads are starting to clear, which
enables the distribution of materials
and goods to affected areas. The main
supplies are prioritized: food, water,
warmth. Shelters may be dispatched.

Shelters should be dispatched by this
day - giving residents ability to rebuild
temporary homes to occupy before the
affected areas are cleared and safe to
navigate through.

+
But what about methods for help now?

Why temporary?

Caribbean Disaster Emergency
Management Agency:

The main focus is speed of dispatch and the
low cost. Permanent housing would require
more expensive methods and materials, thus
not able to help as many people, or as quickly
a temporary shelter could. These shelters, albeit
temporary, will be withstanding and provide a
sturdy, safe place for residents.

CDEMA
- Mostly on preemptive construction
for disaster damage prevention.
- The focus is on evacuation; NOT rebuilding/
rehabilitation aspect or empowering residents.
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the prototypes
The design of the prototype will be informed by the studied frameworks and the core objectives of low cost, compact design, quick dispatch, local materials, comprehensible framework, and local assembly by residents. These
objectives are also grounded by the upcycle factor of the recycled materials used within the design.
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PROTOTYPE //
			 & MATERIALS

Suitable for couples, small
families with young children

a.

x 2 people

10 ft

50 ft2
10 ft

total: 100ft2

1.

10 ft

2.
3.
10 ft
10 ft

a.
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x6
x 10
bottle-cap
fastener

~10-12’

x9

structure

plastic
rope

10’

building
team

x 80

flooring

342 ft2

siding/roofing
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PROTOTYPE //
			 & MATERIALS

Suitable for single
users, small families

b.

x 3 people

10 ft

67 ft2
10 ft

total: 200ft2

2.

4.
b.
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10 ft

x 14
x 26
bottle-cap
fastener

~10-12’

x 32

structure

plastic
rope

10’

building
team

x 160

flooring

800 ft2

siding/roofing
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PROTOTYPE //
			 & MATERIALS

Suitable for large families, two
small families, single users

c.

x 5 people
60 ft2
total: 300ft2

5.
5.

2.

2.
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4.

c.

x 16
x 32
bottle-cap
fastener

~10-12’

x 48

structure

plastic
rope

10’

building
team

x 240

flooring

1,100 ft2

siding/roofing
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PROTOTYPE //
			 & MATERIALS
Suitable for large families, two
small families, single users

x 6 people
d.

67 ft

2

total: 400ft2

1.

4.
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3.
d.

x 22
x 36
bottle-cap
fastener

~10-12’

x 48

structure

plastic
rope

10’

building
team

x 320

flooring

1,283 ft2

siding/roofing
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PROTOTYPE //
			 & MATERIALS
e.

Suitable for extended family,
multiple families, single users

x 9 people
f.

67 ft2
total: 600ft2

6.
6.
6.
1.

e.
4.
2.
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f.

x 32
x 60
bottle-cap
fastener

~10-12’

x 132

structure

plastic
rope

10’

building
team

x 480

flooring

5,231 ft2

siding/roofing
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PROTOTYPE //
			 & MATERIALS
1.
1.

4.

shared
courtyard
5.
4.

5.

4.

2.
g.
1.
h.
1.

shaded area
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g.
Suitable for multiple families,
extended family, community
groups, single users

x 18 people
h.

59 ft

2

total: 1000ft2

x 40
x 72
bottle-cap
fastener

~10-12’

x 90

structure

plastic
rope

10’

building
team

x 800

flooring

2,882 ft2

siding/roofing
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EVACUATION SAFEHOUSE //
			
SCHOOL

Example safehouse school for evacuations - possible organization of emergency structures.
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x7

14
people

x7

21
people

x5

25
people

x5

30
people

x 10

90
people

x4

72
people

PAVEMENT: 37,500 ft2 (252 people)
EXISTING 2-FLOOR BUILDING: 32,824 ft2 (220-250 people)
TOTAL ACCOMODATED: 472-502 people
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the details
The details of the prototype are just as important as the volumetric design. These joints will dictate the success of
the structure, as well as reinforce the upcycle model of utilizing recycled materials. These details aim to demonstrate a low-tech solution to emergency relief structures.

129

CONNECTIONS //
		
JOINT DETAILS

bottle cap fastener

1.

figure-8 knotting
bioplastic membrane
bottle cap fastener

la

co

cola

insulation / bagasse
refer to fig. 6a
bioplastic membrane
cladding / stick screen
fastened with
plastic rope
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2.

bundled sugar cane
with plastic rope
plastic rope 45o weave
optional compacted
sod to fill
slit in sugar cane
anchor for plastic rope
sugar cane post
below grade (~6”)
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CONNECTIONS //
		
JOINT DETAILS

3.
bundled sugar cane
with plastic rope
figure-8 knotting
bottle cap fastener

sugar cane post
below grade (~6”)
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4.

bundled sugar cane
with plastic rope
plastic rope
45o weave
figure-8 knotting
bioplastic - extend
refer to 5a
sugar cane post
below grade (~6”)
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CONNECTIONS //
		
JOINT DETAILS

figure-8 knotting
bioplastic - bind
refer to fig. 4a
bottle cap fastener

5.

bioplastic membrane
cladding - stick screen
insulation / bagasse
refer to fig. 6a
bioplastic membrane

cola

palm leaf lattice

+

5a.
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6.

bioplastic - bind
refer to fig. 4a
figure-8 knotting
cladding - palm leaf
weave on top of
bioplastic membrane
botle cap fastener
bioplastic membrane
cola

cola
cola

insulation / bagasse
refer to fig. 6a
plastic rope
bioplastic membrane
palm leaf lattice

6a.
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INTERIOR + EXTERIOR CLADDING //
		
		
		
		
COLLAGE

1.
1.

4.

5.
4.

5.

4.

2.

1.

1.

136

137

138

works cited
139

WORKS CITED //
		
INFORMATION

Agricultural Land Use of Guadeloupe, Issue 12; Don R. Hoy, National Academies, 1961 - Agriculture, 90 pages. <https://books.google.com/books?id=PWUrAAAAYAAJ&dq=sugar+
cane+crops+location+in+guadeloupe&source=gbs_navlinks_s>
Bock, K. Eur J Futures Res (2015) 3: 20. doi:10.1007/s40309-015-0078-5. Kenneth Maxwell, “Lisbon: The Earthquake of 1755 and Urban Recovery Under the Marques de Pombal,” in Joan
Ockman, ed., Ground Zero: Case Studies in Urban Reinvention, Munich: Prestel Verlag, 2002, 31.
http://dominicanewsonline.com/news/homepage/news/regional/flooding-in-guadeloupe/
- Flooding in Guadeloupe
http://ecflora.cavehill.uwi.edu/bio_courses/bl14apl/pter2.htm
- Caribbean Ferns
http://en-in.topographic-map.com/places/La-Grande-Soufrière-9326534/
http://endgenocide.org/learn/past-genocides/the-rwandan-genocide/
- The Rwandan Genocide, its causes, effects, and aftermath.
http://forestry.about.com/cs/treeid/a/hard_tree_id.htm
- Hardwood Trees
http://gbdmagazine.com/2011/sugarcane-creations/
- Sugar cane characteristics
http://globalfloodmap.org/Guadeloupe
http://hendry.ifas.ufl.edu/pdfs/overview_of_florida_sugarcane.pdf
http://isonashibata.co.uk/
http://link.springer.com/article/10.1007/s40309-015-0078-5
http://pprn971guadeloupe.fr/
http://unstats.un.org/unsd/demographic/products/dyb/dyb2.htm
http://weready.org/flood/index.php?option=com_content&view=article&id=16&Itemid=17
http://wood-pellet-line.com/make-biomass-pellets-from-sugarcane-bagasse/
- Bagasse to pellet process
http://www.antilles-info-tourisme.com/guadeloupe/plantegb.htm
http://www.archdaily.com/489255/the-humanitarian-works-of-shigeru-ban
http://www.archdaily.com/794341/renzo-piano-to-lead-reconstruction-efforts-following-italian-earthquake
http://www.archdaily.com/tag/tropical-modernism
- Geoffrey Bawa - tropical modernism
http://www.caribbeannewsnow.com/topstory-INTERREG-Caraibes-launches-first-call-for-expressions-of-interest-32470.html
http://www.climatestotravel.com/climate/guadeloupe
http://www.cnn.com/2016/10/06/americas/hurricane-matthew-cuba-haiti/
http://www.coroflot.com/1985arq/cite-cana-de-azucar-chiclayo
- Sugar cane factory
http://www.countrymeters.info/en/Guadeloupe/
http://www.eng.ucy.ac.cy/rept/PROGRESS/Action%203%20report_final_v.1_compressed.pdf
http://www.history.com/topics/hurricane-katrina
- Facts about the natural disaster Hurricane Katrina and the effects it had on community and the demand for emergency homes.
http://www.houzz.com/ideabooks/27546443/list/shelter-in-a-storm-architects-improve-global-disaster-relief
http://www.indexmundi.com/guadeloupe/unemployment_rate.html
http://www.intechopen.com/books/global-warming-impacts-and-future-perspective/environmental-benefit-of-using-bagasse-in-paper-production-a-case-study-of-lca-in-iran
http://www.internationalsteam.co.uk/mills/guadeloupemill02.htm
- Sugar cane factories and industries in Guadeloupe
http://www.internationalsteam.co.uk/mills/guadeloupemill02.htm
- Sugar plant design, growth, and manufacturing information
http://www.internationalsteam.co.uk/mills/guadeloupemill02.htm
- Sugar Mills in Guadeloupe
http://www.irinnews.org/feature/2010/03/02/mud-brick-houses-gaza
http://www.irinnews.org/news/2010/02/08/building-back-gaza-mud-bricks
http://www.leguideguadeloupe.com/en/fauna-and-flora/
- Fauna and flora of Guadeloupe

140

http://www.ministryofrum.com/countrydetails.php?c=38
http://www.nationalgeographic.com/environment/natural-disasters/floods/
- Flood disaster timeline
http://www.nationmaster.com/country-info/profiles/Guadeloupe
http://www.nationsencyclopedia.com/economies/Americas/French-Antilles-and-French-Guiana.html
http://www.nationsonline.org/oneworld/guadeloupe.htm
- Guadeloupe Territory stats
http://www.omnicane.com/sugarcane-mill
- Sugar cane process, factory is in Mauritius, off the coast of southwestern Africa
http://www.origami-make.org/howto-origami-house.php
http://www.rainforest-alliance.org/species/kapok-tree
- Kapok trees
http://www.recommend.com/destinations/caribbean-bermuda/guadeloupe-culture-rum-sea-volcano/
http://www.ruralstudio.org/about/purpose-history
- Information about the Auburn University’s Rural Studio and how it helps communities through architecture
http://www.salon.com/2016/10/19/why-did-thousands-of-people-refuse-to-evacuate-before-hurricane-matthew_partner/
http://www.sciencedirect.com/science/article/pii/S0956053X06000894
- Characterisation of sugar cane straw waste as pozzolanic material for construction
http://www.shigerubanarchitects.com/works/2008_hualin-temporary-elementary-school/index.html
http://www.siemens.com/entry/cc/features/greencityindex_international/all/en/pdf/report_en.pdf
- Breakdown of different cities and their green index with other qualitative green facts
http://www.slideshare.net/pasancbandara/sugar-plant-design
http://www.slideshare.net/saeedch01/sugur-manufacturing
http://www.sucrose.com/lcane.html
http://www.technology4change.com/article.jsp?id=375#.WESsDoWcHIU
- Sugar cane waste used in greener construction
http://www.weather.gov.hk/wxinfo/climat/world/eng/s_america/mx_cam/guadeloupe_e.htm
http://www.worldlingo.com/SYls3jUpdI3IDU6daPXijdW_LPMbSzAVTsZbrxpDzkcM-/translate
http://www.worldometers.info/world-population/guadeloupe-population/
http://www.worldportsource.com/ports/maps/FRA_Port_of_Guadeloupe_1232.php
https://benthamshouse.blogspot.com/2013/07/house-in-woods.html
https://en.wikipedia.org/wiki/Hevea_brasiliensis
- Rubber Trees
https://en.wikipedia.org/wiki/Sainte-Anne,_Guadeloupe
https://en.wikipedia.org/wiki/Sugarcane
https://projects.ncsu.edu/project/treesofstrength/treefact.html
https://rainfall.weatherdb.com/l/176/Syracuse-New-York
https://static.dezeen.com/uploads/2015/10/Rising-Canes-Bamboo-Pavilion_Penda_Beijing-Design-Week-2015_dezeen_28_1000.jpg
https://sudan.iom.int/emergency-shelter-and-non-food-items
- Emergency kits piloted in North and South Darfur States in 2014.
https://unstats.un.org/unsd/environment/envpdf/Country_Snapshots_Dec_2016/Guadeloupe.pdf
https://weather-and-climate.com/average-monthly-precipitation-Rainfall-inches,Guadeloupe,Guadeloupe
https://web.archive.org/web/20120417080324/http://earthtrends.wri.org/text/coastal-marine/variable-61.html
- Coastline length analysis.
https://wewanttolearn.wordpress.com/author/eshahashim/
https://www.dezeen.com/2015/10/01/penda-rising-canes-bamboo-pavilion-prototype-modular-housing-beijing-design-week/
https://www.hort.purdue.edu/newcrop/Crops/Sugar_cane.html
https://www.linkedin.com/pulse/architecture-poverty-bill-caplan?trk=v-feed&lipi=urn%3Ali%3Apage%3Ap_flagship3_feed%3B0OVXyLEzYszu6NLYkzHGuw%3D%3D
- Architecture of Poverty
https://www.wmf.org/project/new-gourna-village
https://www.youtube.com/watch?v=yLt-ebcNUnE
- Plastic bottle rope tutorial

141

142

WORKS CITED //
		
IMAGES

http://99percentinvisible.org/episode/episode-64-derelict-dome/
http://aboutjapan.japansociety.org/kanto_earthquake_fire
http://assets.inhabitat.com/files/Mason-Lane-Bamboo-Barn-1.jpg
http://assets.inhabitat.com/wp-content/blogs.dir/1/files/2013/01/Sugar_Cane.jpg
http://bonsbaisersde.com/wp-content/uploads/2015/01/IMG_7602-1024x683.jpg
http://californiaquarryproducts.com/images/Fill_Dirt.jpg
http://ehstoday.com/site-files/ehstoday.com/files/imagecache/large_img/uploads/2015/11/floodpro
mo.gif
http://ems2016.org/wp-content/uploads/2015/04/copenhagen_featured.jpg
http://endtheneglect.org/wp-content/uploads/2015/01/110824_sabin_050.jpg
http://freeplans.com/Resource.ashx?sn=SBbox17
http://frenchfoodintheus.org/wp-content/uploads/2015/05/Ananas-field-in-Moorea1.jpg
http://groundswell.azgs.az.gov/2011/02/02/34th-anniversary-of-4-febru
ary-1976-earthquakes-%E2%80%93chino-valley-arizona-guatemala/
http://i.dailymail.co.uk/i/pix/2013/01/13/article-0-16CFC01C000005DC-725_634x404.jpg
http://images.adsttc.com/media/images/532b/165d/c07a/803b/4200/0033/large_jpg/050205_001.
jpg?1395332671
http://images.eonline.com/eol_images/Entire_Site/2014310/rs_550x413-140410125947-dirt2.jpg
http://images.fanpop.com/images/image_uploads/Reykjavik-iceland-623764_1024_768.jpg
http://img.ev.mu/images/pays/85/1605x642/85.jpg
http://img.weiku.com/waterpicture/2011/10/25/0/HJ_10_metal_joints_634552460867047851_1.jpg
http://img.weiku.com/waterpicture/2011/10/29/15/pipe_rack_joint_system_63456631567332
8395_1.jpg
http://inapcache.boston.com/universal/site_graphics/blogs/bigpicture/mississippi_river_flooding/
bp7.jpg
http://kids.nationalgeographic.com/content/dam/kids/photos/articles/Science/H-P/hurricane-floyd.
jpg.adapt.945.1. jpg
http://lesvillascreoles.com/wp-content/uploads/2014/10/Soufriere-Guadeloupe.jpg
http://niche-canada.org/wp-content/uploads/2014/01/CHESS2014_Suburbs_Photo_MStrozier_Flick
rr.jpg
http://payload301.cargocollective.com/1/16/532534/8324445/Lulav_diagram-axiom_800.jpg
http://peymanpiran.tumblr.com/post/80907579577/polyurethane-igloo-1972-masaya-nicaragua
http://pprn971guadeloupe.fr/index.php/jelix/www/getfile?targetmodule=pprn&file=img%2Fcom
munes.png
http://smg.photobucket.com/user/Trainman-2/media/2006-3-A/DSCN0458_zpscah89gxz.jpg.html
http://spicestationsilverlake.com/wordpress/wp-content/uploads/2015/05/clovesugar.jpg
http://static.lexpress.fr/medias_11171/w_605,h_350,c_fill,g_north/v1475657332/a-man-pushes-a-bi
cycle-in-a-flood-zone-after-hurricane-matthew-passed-through-les-cayes-hai
ti_5719703.jpg
http://static.panoramio.com/photos/large/35522822.jpg
http://static.wixstatic.com/media/b63080_5579a7261bc64535843103651391ec66.jpg_srz_1204_
800_85_22_0.50_1.20_0.00_jpg_srz
http://us.123rf.com/450wm/chaiyon021/chaiyon0211305/chaiyon021130500066/19583533-scoutshave-tied-together-with-a-square-lashing.jpg?ver=6
http://workbenchtoolbox.com/images/pipe-and-joint-system.jpg
http://www.atout-guadeloupe.com/dans-les-blogs/photo/gal/pic/gal-1192350.jpg?v=1294231100
http://www.azhariahkamin.com/wp-content/uploads/2015/12/bigstock-Tapping-Latex-63649480.jpg
http://www.bajajgroup.org/blog/wp-content/uploads/2015/01/sugar1.jpg
http://www.balitourismboard.org/wp-content/uploads/2012/08/tenganan-bali-village2.jpg
http://www.baltimoresun.com/travel/bs-tr-guadeloupe-20161104-story.html
http://www.catamaransailing.holiday/blog/wp-content/uploads/2016/04/guadeloupe-sailing-holi
day-6-700x500.jpg
http://www.christinedebeer.ca/images/2013/04/smooth-the-spine-of-the-leaf-so-that-it-lies-flat507x380.jpg
http://www.crmcphail.co.nz/wp-content/uploads/P1020928.jpg
http://www.guadeloupe-karibik.com/img/MarieGalante1.jpg
http://www.hermance.com/images/ball-joint.jpg
http://www.lucamoglia.it/imagesart/places/guadeloupe_desirade/GuaDes36.jpg
http://www.mdpi.com/water/water-07-04108/article_deploy/html/images/water-0704108-g002-1024.png
http://www.monsieurgourmet.com/wp-content/uploads/2014/04/behind.jpg
http://www.opendurham.org/sites/default/files/images/2008_6/Warehouses_DukeSt._1950s.jpg
http://www.postandcourier.com/storyimage/CP/20160208/PC05/160209426/AR/0/AR-160209426.
jpg&maxw=800&q=90
http://www.prb.org/images10/tamilnadu.jpg
http://www.publicdomainpictures.net/pictures/10000/velka/palm-tree-leaves-2961277789813zlNl.jpg
http://www.publicdomainpictures.net/pictures/40000/nahled/bamboo-sticks-background.jpg
http://www.sciencetoymaker.org/waterRocket/images/andrewBaillie/slip2Con125.jpg
http://www.sdrp.org/images/sikes/august2003-image001.jpg

http://www.skurnik.com/wp-content/uploads/2016/05/IMG_8668-1038x576.jpg
http://www.sortra.com/beautiful-captures-from-the-top-of-the-world/
http://www.tellspecopedia.com/wp-content/uploads/2014/07/sugar-cane-fiber.png
http://www.vistatubes.com/images/sample4.png
http://www.wondermondo.com/Images/NAmerica/LesserAntilles/Guadeloupe/Guade
loupeForest.jpg
http://www.zingyhomes.com/project-detail/yatin-pandya_208/post-earthquake-reha
bilitation/
https://2.bp.blogspot.com/-HlOnDkRO4kg/UgDkuKrvQhI/AAAAAAAAIZ8/xv0pj5F2R_Q/
s1600/2013-06-23+09.51.54.jpg
https://3d1on.files.wordpress.com/2008/07/380712-6-walking-sticks-hires.jpg
https://a2ua.com/marketplace/img-014.php?pic=/marketplace/marketplace-014.jpg
https://arkinetblog.wordpress.com/2010/02/19/agenda-the-bucky-bar-opens-tonight/buck
minster-fuller-1/
https://commandcontrol.files.wordpress.com/2009/01/deployable-structures1.jpg
https://en.wikipedia.org/wiki/Earth_structure#/media/File:Milyanfan-adobe-bricks-8038.jpg
https://en.wikipedia.org/wiki/Manchineel#/media/File:Hippomane_mancinella_(fruit).jpg
https://evybenitarp.files.wordpress.com/2015/02/kapok-tree.jpg
https://i.ytimg.com/vi/yLt-ebcNUnE/maxresdefault.jpg
https://img.tradeindia.com/fp/0/209/561.jpg
https://img.vimbly.com/images/full_photos/coconut-leaf-weaving-3.jpg
https://infinimouvement.com/
https://is.alicdn.com/img/pb/226/492/441/441492226_300.jpg
https://nextcity.org/daily/entry/hacking-public-space-designers-parking-day
https://plasticbottlecutter.com/wp-content/uploads/2016/04/IMG_9450.jpg
https://qzprod.files.wordpress.com/2016/08/favela.jpg
https://s-media-cache-ak0.pinimg.com/236x/55/36/d8/5536d8486da5eda0d3fdc1f96e72d
3eb.jpg
https://s-media-cache-ak0.pinimg.com/236x/98/06/7f/98067f2fc0fe0c99b6d5f80e22070
ea1.jpg
https://s-media-cache-ak0.pinimg.com/564x/e5/48/7d/e5487d3929527773aab2092fcf0
cfeea.jpg
https://s-media-cache-ak0.pinimg.com/564x/e8/d6/ca/e8d6caf1a6d9e857f1c
8c185c3cfa03b.jpg
https://s-media-cache-ak0.pinimg.com/736x/5e/18/d0/5e18d0667f3a27390b9fe
4421a793c67.jpg
https://s-media-cache-ak0.pinimg.com/736x/66/c5/1b/66c51b1fe4f2f4930a86f
3394c0bb4e1.jpg
https://s-media-cache-ak0.pinimg.com/736x/82/cc/2e/82cc2efe108e6e9689403e34e
34563bc.jpg
https://s-media-cache-ak0.pinimg.com/originals/17/11/02/171102442f8fd88253fd
2160fce0c920.jpg
https://s-media-cache-ak0.pinimg.com/originals/72/b2/7f/72b27f70f918e90b
9d0e9172186206e4.jpg
https://s-media-cache-ak0.pinimg.com/originals/ce/8d/2e/ce8d2ea5d294e975ba
01272d92840acb.jpg
https://strangerock.files.wordpress.com/2011/07/dsc00006.jpg
https://sudan.iom.int/sites/default/files/gallery/NFI-Shelter/IOM%20provides%20
292%20Improved%20Emergency%20Shelters%20to%20return
ees%20from%20Chad%20in%20Habila%20locality,%20West%20
Darfur.JPG
https://thumbs.dreamstime.com/t/woven-palm-leaf-as-background-38304775.jpg
https://upload.wikimedia.org/wikipedia/commons/7/7e/1_rocinha_favela_closeup.JPG
https://upload.wikimedia.org/wikipedia/commons/8/80/SoilTexture_USDA.png
https://upload.wikimedia.org/wikipedia/commons/b/bb/Sweet_chestnut_DSCF0160.JPG
https://wallpaperscraft.com/image/sweden_city_building_sky_nature_grass_wa
ter_881_1920x1080.jpg
https://wanderlusters.com/wp-content/uploads/2016/05/cc-selden-vestrit-guadaloupe.jpg
https://wewanttolearn.files.wordpress.com/2014/11/1.jpg
https://wewanttolearn.files.wordpress.com/2014/11/1.jpg
https://www.britannica.com/event/San-Francisco-earthquake-of-1906
https://www.globalgiving.org/pfil/24912/pict_original.jpg
https://www.loc.gov/item/owi2001045119/PP/
https://www.paardekooper.nl/static/pictures/normal/290055.png
https://www.repository.cam.ac.uk/handle/1810/245017
https://www.researchgate.net/publication/283516234_Conserving_energy_with_biodi
verse_building_skins_a_review_of_literature
https://www.stlucianewsonline.com/wp-content/uploads/2016/10/14581313_1843603745
870541_407495067072459220_n.jpg

143

144

DENISE LEE //
SYRACUSE UNIVERSITY
SCHOOL OF ARCHITECTURE
ADVISOR //
DAEKWON PARK
ARCHITECTURE THESIS //
FALL 2016 SPRING 2017

145

